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Abstract 
The purpose of this paper is to analyze the impact of organizational features and context variables on the proneness of 
University-Industry cooperation (UIC) in the R&D and engineering process. Using survey data of manufacturing enterprises in 
Guangdong province of China, the paper shows that the probability of cooperation with university significantly depends 
on various organizational factors including firm size and enterprise absorptive capacity. In addition, the actually pay tax, the
collection of business-to-market and technical information, and market position are also important driving factors to 
the engineering research cooperation between enterprises and universities, but their influences vary with the type of product 
innovation and process innovation. 
© 2011 Published by Elsevier Ltd.
Keywords: System Engineering; university-industry cooperation; technological innovation; probit regression 
1. Introduction  
In the context of knowledge-based economy, more and more enterprises begin to realize the importance of open 
innovation. In this circumstance, to cooperate with university and institute has become an important strategy for 
enterprise to get a wide range of innovation resource, reduce technology development time, improve engineering 
efficiency and enhance competitive advantage. There have been lots of important exploration of university- industry 
cooperative connotation, scope and mode since China implemented the “UIC joint development project” in 1992. In 
2005, Guangdong province launched the UIC projects of “two ministries and one province” together with the 
Ministry of Education and the Ministry of Science and Technology. It is an important strategy to guide and support 
all kinds of innovation resources from the whole country to carry out comprehensive cooperation of independent 
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innovation in R&D and engineering with Guangdong industry. Until now, Guangdong province established a 
comprehensive UIC framework of “three ministries and two academies and one province”. Compared with scattered 
and small-scale UIC in the past, the UIC in the R&D and engineering process of Guangdong province is based on 
the advantage of the Ministry of Education, the Ministry of Science and Technology, the Technology of University 
Building in the Country and personnel-intensive. It takes full use of the advantage condition, such as the favorable 
conditions for industrialization in Guangdong, the higher efficiency of industrial engineering, the more mature 
markets, the stronger investment capacity of businesses and the solid foundation of innovation, in order to achieve 
powerful combination and the advantages of complement. 
In addition to the governments’ active promotion, however, whether firms need to carry out UIC in R&D and 
engineering and which mode of UIC to choose, which, generally is the results of “self-selection” of firms under the 
influence of their own development stage, the endowment of innovative resource and the level of technical capacity. 
The purpose of this paper is to analyze the impact of organizational features and context variables on the proneness 
of University-Industry cooperation (UIC) in R&D and engineering process, especially in the Chinese context. The 
rest of this paper is organized as follows. In the next section, it gives a review of previous literature on the UIC. In 
section 3, this paper discusses the data source and descriptive statistics of the sample firms. In section 4, the paper 
gives analysis and the empirical results. Section 5 is the conclusion. 
2. A Review of Previous Literature  
The literature on the factors which affect whether enterprise cooperates with universities or research institutes in 
R&D and engineering offers different theoretical perspectives. From the perspective of transaction costs theory, 
some empirical research shows that firm size and R&D capacity are important factors that promote firms to 
cooperate with universities in terms of R&D and engineering optimization. Fontana [1] finds that firm size and 
absorptive capacity have significant and positive effects on the UIC strategic selection. Moreover, process 
innovation of firms has a greater effect on the UIC selection than product innovation. Mohnen and Hoareau (2002) 
think that there is no significant relationship between R&D intensity and the choice of UIC in R&D and engineering 
process for firms. They put forward that firm size, government support, patent protection and related industrial 
attributes are key factors to explain the cooperation in engineering and R&D between firms and universities. Capron 
and Cincera (2002) also found that firm size and government support are important driving factors to the research 
and engineering cooperation between firms and universities. 
Resources and knowledge-based theory of firms believes that the proneness of cooperation in R&D and 
engineering is higher when there is a stronger complement of resources as well as none conflict of interest between 
different firms or organizations. Cassiman et al [2] (2002) found that the external information flow and cooperation 
R&D is significantly associated by using a survey data from Belgian manufacturing firms. The firms who use 
available external information sources as an important innovative investment are more likely to be engaged in R&D 
and engineering cooperation. Cohen [3] proposed the concept of absorptive capacity and he also admitted the 
external resource is essential for gaining unique resources. Firms must remain open and continual absorptive to 
external resources to occupy unique resources dynamically. So he points out that firms that have a stronger 
absorptive capacity would be more likely to tend to conduct UIC in R&D and engineering. To sum up previous 
studies on determines of UIC for enterprise, we conclude that most research is focused on foreign enterprises in 
advanced countries. But in China, enterprise has weak technological capabilities, thus the government plays a very 
important role in promoting research and engineering cooperation. Previous works focus on the UIC, which does not 
go into details of these “Chinese context”. In this paper, we will investigate more comprehensively the “Chinese 
context” and analyze the impact of these features on the proneness of which enterprise cooperates with university. 
3. Data Source, Variables and Descriptive Statistics 
3.1. Data collection 
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The data for the analysis in this paper were collected by distributing questionnaires. To make the conclusion 
more pertinent, the questionnaires were intended mainly for the manufacturing enterprises which participated in 
“university-industry cooperative plan of province and ministry” of Guangdong province. The people who complete 
the questionnaires are mainly general manager and the core members who participate in the teams of cooperative 
innovation in R&D and engineering. We sent 1000 questionnaires by emails in May 2009, and took back 466 
questionnaires in July 2009, however, the valid number is 248. The sample firms are mainly distributed in 
electronics industry, light industry, machinery industry, pharmaceutical and chemical industry (see Table 1). 
Table 1. Basic information of sample firms  
industry percentage sales(million) percentage R&D personnel percentage R&D intensity percentage 
electronics 25.34 0-50  0.81 <50  2.82 <2%  10.89 
chemical 8.22 50-100 2.42 50-100 32.66 2%-3% 8.47 
light 15.07 100-300 14.52 100-200 29.03 3%-10% 72.17 
machinery 14.38 300-500 21.37 200-300 13.31 >10% 8.47 
pharmaceutical 8.90 500-1000 21.37 >300 22.18  
others  28.08 >1000 39.51 
3.2. Variables and Descriptive statistics 
As dependent variable, we use dummy variable “UIC” for “enterprise proneness of cooperation with university”. 
UIC takes the value 1 if the firm cooperates with university and 0 else. The determinant variables and definitions 
were mostly obscure in previous literatures. The variables which describe organizational features include firm sales 
(SIZE) [1][4][5][6], the proportion of technical transformation expenditure (CRA) [1], the number of projects of which 
firms cooperate with other firms in R&D engineering(MON) [7], the ratio of R&D personnel percent (AC) [1][3][7], the 
number of enterprise R&D institutions (COOP), tax (TAX), the collection of  business-to-market and technical 
information (INF) [5][8] and market position (ZY) [7]. Table 2 gives a general descriptive statistics for all the variables.  
Table 2. Descriptive statistics and variance tests  
UIC (part 1)  UIC=0 (part 2) UIC=1 (part 3)  
Variable Mean S.d  Mean S.d Mean S.d Variance test 
UIC 0.875 0.33 
0.23 
533006 
0.10 
9.32 
0.13 
3.16 
0.07 
0.67 
0.47 
     
INO 0.40 0.4145 0.2477 0.3989 0.2231 0.128(0.730) 
SIZE 230526 115429.8 104368.9 247001.7 749097.8 2.196(0.177) 
CRA 0.07 0.0610 0.0709 0.0739 0.1067 3.683*(0.091) 
MON 7.44 4.9479 5.0284 7.7864 9.4107 0.292(0.604) 
AC 0.11 0.0776 0.0510 0.1141 0.1347 4.004* (0.080) 
COOP 3.02 0.1708 0.4002 3.4545 3.1343 22.76***(0.00) 
TAX 0.062 0.0551 0.0290 0.0629 0.0787 1.12(0.321) 
INF 4.27 4.3646 0.5722 4.2578 0.6425 1.00(0.347) 
ZY 0.69 0.6875 0.3419 0.6856 0.4485 0.182(0.681) 
In part 1, we can see that the percentage of firms which conduct UIC is 87.5%. When we turned our views to 
firms’ features, we find the average sales revenues of sample firms are about 2.305 billion yuan. The average 
proportion of new product sales revenues relative to total sales revenues (INO) is 40%, the proportion of technical 
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transformation expenditure (CRA) and of the tax turned over (TAX) are respectively 7% and 6.2%. The ratio 
between R&D employment and total employment (AC) is about 11%, and the average number of cooperative 
projects with other firms (MON) and of R&D institutions built by technology centre at home and abroad (COOP) 
are respectively about 7.5 and 3. We can also find that the degree of emphasis to the collection of business-to-
market and technical information (INF) and the average ranking of market share of leading product (ZY) are higher.  
However, in part 2 and part3, this paper respectively gives descriptive statistics for firms which conduct UIC and 
do not conduct UIC, and we implement the analysis of variance in characteristics of the two types of firms. The 
results show that there are significant differences in CRA, AC and COOP concerned firms that conduct and don’t 
conduct UIC. Compared with firms which don’t carry out UIC in R&D and engineering, firms which conduct UIC 
are higher in terms of SIZE, CRA, MON, AC, COOP and TAX. Further, the average level of CRA is higher by 
about 1%, AC is about 4%, and the excess of COOP is about 3. There are no significant differences in INO, INF and 
ZY between firms conduct and do not conduct UIC. Even firms which conduct UIC are slightly higher. 
4. Analytical Model and Empirical Results 
4.1. Basic model 
The purpose of this paper is to study the factors that affect the proneness of UIC in R&D and engineering for 
firms, which means whether the firms introduce UIC. For this quantitative analysis of discrete phenomena, this 
paper uses the binary probit model. Probit model can be derived by the latent variable model which conforms to the 
assumption of classical linear model. The formula is as follows:  
UIC* = �0 + �1 INO + �2 SIZE + �3 CRA + �4 MON + �5 AC + �6 COOP + �7 TAX + �8 INF + �9 ZY + � (1) 
The UIC* represents an unobserved latent variable, if UIC*>0, it means that the firm tend to conduct UIC, and 
the value of UIC is 1, else the value of UIC is 0. Thus, we can get the following probit model. 
Prob(uic=1) = Prob(UIC*>0) = ∅( �0 + �1 INO + �2 SIZE + �3 CRA + �4 MON + �5 AC + �6 COOP + �7 TAX + �8 INF + �9 ZY + �)   (2) 
4.2. Primary probit regression about the proneness of UIC and INO of firms 
By applying the above probit model, the results of primary regression are shown in Model 1(see Table 3). The 
regression coefficients between SIZE, AC, COOP and the proneness of UIC are respectively 1.8417, 5.6544 and 
1.8193, and all the three factors are significant at confidence interval of 0.01, which indicate that all of them have a 
significant and positive effect on the proneness of UIC for firms. When we take a further analysis about the marginal 
effect of all the factors, we find that the probability of which firm selects UIC will be increased respectively by 
15.87%, 48.71% and 15.67% in the context of which SIZE, AC or COOP are respectively increased by additional 
one unit. Obviously, the AC is the most critical factor that affects the proneness of UIC for firms. Moreover, the 
regression coefficient of ZY is 0.9509 and it is significant at confidence interval of 0.05, which indicates that it has a 
rather positive impact on the proneness of UIC for firms. And the probability of which firms conduct UIC will be 
increased by 8.19% if the ranking of market share of leading product is increased into top ten. In addition, even 
though the regression coefficients of CRA and MON are negative, the impact of the two factors is not significant. 
In addition, all these variables which affect the proneness of UIC in R&D and engineering for firms may 
simultaneously further affect the performance level of technological innovation for firms. So this paper takes the 
proportion of new product sales (INO) as dependent variable, and then conducting a regression. We can see the 
results in Model 2(see Table 3). Both of SIZE and AC have significant and positive effects on INO, and they are 
significant at confidence interval of 0.05, while CRA, MON, INF and ZY have significant and negative effects on it 
and the significant confidence interval is 0.01. The purpose of UIC in R&D and engineering is to enhance the 
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innovative performance, however, we find that all these variables which affect the proneness of UIC in R&D and 
engineering process for firms also further affect the innovative performance of firms through the results of Model 1 
and Model2. Therefore, even if it is a positive correlation relationship between UIC and INO, it is difficult to 
distinguish that UIC improves INO of firms, or when INO is higher the firm is more likely to carry out UIC. Based 
on this, we think that there may be endogenous in the original regression model. 
Table 3. Primary probit regression 
Model 1 (Dependent Variable: UIC) Model 2 (Dependent Variable: INO) 
Variable Coef.(Prob.) Marginal effect Variable Coef.(Prob.) 
SIZE 1.8417***(0.0020) 0.1587 SIZE 0.1131**(0.0220) 
CRA -0.2277 (0.9050) -0.0196 CRA -0.4751***(0.0052) 
MON -0.0359 (0.3370) -0.0031 MON -0.0115***(0.0002) 
AC 5.6544***(0.0070) 0.4871 AC 0.4066**(0.0264) 
COOP 1.8193***(0.0000) 0.1567 COOP -0.0015(0.8025) 
TAX 4.4478 (0.4060) 0.3832 TAX 0.4491(0.1045) 
INF 0.0758(0.7840) 0.0065 INF -0.2127***(0.0000) 
ZY 0.9509**(0.0230) 0.0819 ZY -0.2250***(0.0000) 
_CONS -8.0153 (0.0020)  _CONS 1.1809(0.0000) 
Note: ***(**,*) indicates a significance level of 1% (5%,10%). 
4.3. Study of factors that affect the proneness of UIC under different types of innovation 
Fontana et al. studied the relationship between types of innovation activities in engineering and the proneness of 
UIC in 2006, finding some significant conclusion. However, there is no evidence of a significant correlation 
between CRA and the proneness of UIC in this article. Taking these into consideration, this article divides 
technological innovation activities into product innovation and process innovation, then respectively studying the 
factors that affect the proneness of UIC in R&D and engineering for firms under different types of innovation. The 
results are shown in Model 3 and Model 4(see Table 4). 
Table 4. Probit regression under different types of Innovation (Dependent Variable: UIC) 
Variable  Model 3 Model 4 
SIZE 0.0673(0.4384) 0.2794***(0.0000) 
CRA -1.2778(0.8296) 0.0165 (0.9448) 
MON -0.0085*(0.0631) -0.0207***(0.0000) 
AC 0.1528 (0.4447) 1.5725***(0.0005) 
COOP   0.0336***(0.0000) 0.0313***(0.0003) 
TAX -1.3019(0.1784) 0.6229***(0.0018) 
INF  0.1716*(0.0700) -0.0774**(0.0393) 
ZY  -0.1845**(0.0479) 0.2125***(0.0093) 
Note: ***(**,*) indicates a significance level of 1% (5%,10%). 
Model 3 provides an analysis concerned the factors that affect the proneness of UIC in R&D and engineering for 
firms, which is based on firms mainly engaged in product innovation. The results show that both of COOP 
(significance at confidence interval of 0.01) and INF (significance at 0.1) have significant and positive impact on the 
proneness of UIC for firms, while ZY (significance at 0.5) has a significant and negative effect on the proneness of 
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UIC. Model 4 provides an analysis concerned firms which are mainly engaged in process innovation. In Model 4, 
we can find that SIZE, AC, COOP have significant and positive effects on the proneness of UIC for firms, and all of 
them are significant at confidence interval of 0.01. Moreover, the negative effect on the proneness of UIC which 
MON inflicts becomes more significant (significance at 0.01). Particularly, all TAX, INF and ZY have significant 
effects on the proneness of UIC in Model 4, compared with the effect they bring in Model 3, however, all of them 
are in the opposite direction. These may be attributed to that TAX in Model 4 mainly reflects the profitability of the 
firm rather than the effect of government tax incentives. ZY is faced with the same situation. Firms mainly engaged 
in product innovation demand less technological innovation, while firms mainly engaged in process innovation can 
further improve their level of innovation and competitiveness by UIC in R&D and engineering. Furthermore, the 
level of technological innovation of firms engaged in process innovation is relatively higher, and the benefit of 
technology spillover exceeds the cost. Therefore, TAX and ZY have positive effects and INF has a negative impact 
on the proneness of UIC for firms which are mainly engaged in process innovation, while the effects are in the 
opposite direction regarding firms engaged in product innovation. 
4.4. Endogenous test 
In reaching the above conclusion, an unavoidable problem is that UIC is the result of “self-selection” of firms, 
that is to say whether firms conduct UIC in R&D and engineering is determined by the characteristic variables of 
their own level of technical capacity and resource endowments. Knowing from the above analysis, all these 
variables which affect the behavior of UIC for firms simultaneously affect the performance level of technological 
innovation of firms. So we think that UIC and innovative performance of firms may reinforce each other, bringing 
the difficulty to distinguish that UIC improves innovative performance of firms, or when innovative performance is 
higher the firm is more likely to adopt UIC. There may be endogenous problems in the above regression model, 
accordingly, we use instrumental variables and two stage least squares (TSLS) to implement endogenous test. When 
we introduce the residuals of the level of technological innovation into the original regression model and take them 
as independent variables, we get p value of residual variables is 0.0511. So the level of technological innovation can 
be considered as the endogenous variables of the original regression model. And in order to avoid the cross-sectional 
heteroscedasticity, the paper chose the weighted estimates. The regression results which take UIC as dependent 
variable can be seen in Table 6. When considering the effect of endogenous factors, SIZE, AC, ZY still have 
positive effects on the proneness of UIC, but all of significant levels are decreased to confidence interval of 0.1 
compared with the previous absence of endogenous test. The impact of COOP is still significant at confidence 
interval of 0.01, while the impact of MON becomes significant and is still negative (significance at confidence 
interval of 0.05) compared with the previous results. It is not as we expected, the result concerned CRA which is 
taken as endogenous variable is still not significant, but it changes from negative impact to positive impact. 
Table 5. Endogenous test
Variable Coef. Prob. Variable Coef. Prob. 
SIZE 0.0381* 0.0866 COOP 0.0173*** 0.0001 
CRA 0.1528 0.1473 TAX 0.0828 0.5037 
MON -0.0038** 0.0145 INF 0.0028 0.8940 
AC 0.1618* 0.0719 ZY 0.0207* 0.0766 
_CONS 0.7503 0.0000   
Note: ***(**,*) indicates a significance level of 1% (5%,10%). 
5. Conclusions
This paper studies and analyzes the factors that affect the proneness of UIC in R&D and engineering for firms by 
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applying binary probit model. Some conclusions are as follows. Firstly, there are opposite effects on the proneness 
of UIC which TAX, INF and ZY bring between firms oriented in product innovation and in process innovation. And 
it is different from firms mainly engaged in product innovation, SIZE and AC have significant and positive effects 
on the proneness of UIC of firms mainly engaged in process innovation and the impact of MON also becomes more 
significant. Secondly, SIZE and AC play significant roles on promoting the proneness of UIC in R&D and 
engineering and the innovative performance of firms from the whole perspective. Namely, the larger the firm’s size 
is and the stronger the absorptive capacity is, the proneness of UIC is higher, so is innovative performance and 
engineering efficiency of firms. Thereby, firms can enhance their absorptive capacity by increasing investment in 
R&D personnel, and innovative performance of firms can be improved afterwards. When innovative performance of 
firms is improving firms will also further increase the investment of absorptive capacity. Eventually, the proneness 
of UIC for firms will be increased to some extent. Thirdly, SIZE, AC, COOP and ZY all have significant and 
positive effects on the proneness of UIC for firms, and AC has the greatest impact, while MON has a significant and 
negative impact. Therefore, promoting firm’s absorptive capacity by increasing the investment in R&D personnel 
can enhance the proneness of UIC to a great extent. 
However, the sample of this paper is mainly limited to some firms in Guangdong Province, and the selection of 
the sample is not random, while it is obtained through firms which are participating in “university-industry 
cooperative project of province and ministry”. This is a serious issue and should be subject for further research. In 
addition, although this article demonstrates the factors that affect the proneness of UIC in R&D and engineering for 
firms of Guangdong Province from the whole perspective, and although we analyze the factors that affect the 
proneness of UIC for firms which are respectively engaged in product innovation and process innovation. But it is 
remained to carry on further study to apply the results of this paper into a broader scope.  
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